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集，配合 54Fe 同位素稀释和 MIT GV IsoProbe 多接收杯电感耦合等离子质谱仪对
















量的 高值。通过与西南太平洋真光层溶解铁与 N、P 和 Si 等营养元素剖面的
比较发现，铁在表层海水表现出了对浮游植物生长的低铁胁迫，80 m 以上的海



















系，r2=0.7364。由溶解铁和表观耗氧量的斜率（6.3 μmol Fe/mol AOU）求得在低









































As an essential micronutrient for all organisms, Fe plays a key role in biological 
processes including the light reaction of photosynthesis, respiration of organic carbon 
and nitrogen fixation. Seawater Fe concentrations are low because Fe(III) has a low 
solubility in the modern well-oxygenated ocean and is efficiently scavenged by 
particle surface. It has been demonstrated by many incubation and mesoscale 
experiments that the Fe supply limits production in one-third of the world ocean, 
where surface macronutrient concentrations are perennially high. It was also that 
found Fe may limit the primary productivity in some oligotrophic region by limiting 
nitrogen-fixing organisms.  
This thesis offers several new insights into the biogeochemical cycling of Fe in 
the marine environment. First, a method for seawater Fe concentration measurement 
was developed, which utilizes 54Fe isotope dilution followed by nitrilotriacetic acid 
(NTA) resin “coprecipitation” to concentrate iron offline and measurement by the 
MIT GV IsoProbe MC-ICPMS. The advantages of this method are small samples 
(~1.4 ml), low procedure blanks (0.07-0.19±0.03 nmol/kg) and no coating and 
clogging, which allow us to measure sub-nanomole Fe concentrations in seawater. 
Using this method, dissolved Fe (DFe) concentrations were measured in the tropical 
North Atlantic surface and oxygen minimum zone seawaters, DFe and total 
dissolvable iron (TDFe) were investigated in the seawaters of southwest Pacific 
euphotic zone. The main results were showed as follows: 
1. Tropical North Atlantic receives high dust deposition from north Africa, DFe 
values are high in surface seawaters compare to other regimes with lower dust input, 
0.67±0.30 nmol/kg (1 SD, n=27). With low dust deposition, DFe concentrations are 
low in surface seawaters of southwest Pacific, with an average value of 0.27±0.11 
nmol/kg (1SD, n=16). Surface residence time of 210±160 days (1SD) was estimated 
in the tropical North Atlantic surface seawaters. 















seawater profiles in southwest pacific euphotic zone and one profile in tropical North 
Atlantic. The DFe minimum is alway associated with the chlorophyll maximum. With 
comparison of nutrients data (N, P, Si) in the southwest Pacific euphotic zone, the 
DFe concentrations with an average value of 0.27 nmol/kg observed in surface waters 
supported phytoplankton growth that were iron-stressed. Southwest Pacific surface 
waters are strongly N-limiting, deeper in the euphotic zone (70-100 m) where Fe 
concentrations are near or less than 0.12 nmol/kg，Fe concentrations turn to 
iron-limitation. 
3. DFe concentrations are high in tropical North Atlantic oxygen minimum zone 
seawaters (1.04±0.27 nmol/kg（1SD, n=25）). Although there is somewhat of an east to 
west decreasing Fe concentration at 500m, the spatial distribution does not appear 
consistent with a northwest African sedimentary source. An Fe:C regeneration ratio of 
10.1±3.3 μmol/mol was calculated using the DFe concentrations, Apparent Oxygen 
Untilization at 500m. This ratio is higher than Fe:C ratios of marine organic matter  
in other ocean regimes. Northwest African dust plume raises the Fe levels of the 
surface waters of the tropical North Atlantic leading to luxury uptake by organisms 
who then export high Fe:C ratios into the deeper waters. The distribution of Fe in the 
oxygen minimum of the tropical North Atlantic is more consistent with regeneration 
from Fe-enriched organic matter, which is generated by the organisms luxury uptake. 
4. N-fixing blooms in the southwest Pacific coincide with higher Fe in the 
euphotic zone at several stations. It was also observed more potential Fe (the 
difference between TDFe and DFe) exited at the bloom stations. Although it was 
suspected that high Fe would simulate or maintain diazotrophs bloom, this is the first 
field observation of this relationship. 
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and Low Chlorophyll, 即HNLC海区）。这部分海区在具有高营养盐的同时，溶解
铁的含量却很低，这就使得铁作为限制因子重新引起了研究人员的注意。在此前
研究的基础上，美国加州莫斯兰丁海洋实验室（Moss Landing Marine 




























































表 1.1 1993-2005 年 12 次中尺度铁加富实验的主要结果（按时间顺序从左往右排列，来源：Boyd 等[26]） 
Table 1.1 The main findings from the 12 mesoscale iron addition experiments conducted between 1993-2005 (Source: Boyd et al.[26]) 
主要结果 IronEX I IronEX II SORIREE EisenEX SEEDS I SOFEX-S SOFEX-N EIFEX SERIES SEEDS II SAGE FeeP 
铁施加量（kg） 450 450 1750 2350 350 1300 1700 2820 490 480 1100 1840 
温度（℃） 23 25 2 3-4 11 -1 5 4-5 13 9-12 11.8 21 
季节 秋季 夏季 夏季 春季 夏季 夏季 夏季 夏季 夏季 夏季 秋季 春季 
光照 （μmol quanta/m2·s） 254-230 216-108 59-33 82-40 178-39 103-62 125-74  172-73  59-52  
初始叶绿素（mg/m3） 0.2 0.2 0.2 0.5 0.9 0.2 0.3 0.6 0.4 0.8 0.6 0.04 
叶绿素 高值（mg/m3） 0.6 3.3 2.3 2.8 23.0 2.5 2.4 3.0 5.5 2.4 1.3 0.07 
混合层深度（m） 35 40 65 80 13 35 45 100 30 30 70 30 
藻华爆发状况（持续天数） 提升（5） 下降（17） 提升（13） 提升（21） 提升（10） 提升（28） 提升（27） 提升（37） 下降（25） 提升（25） 无（17） 无（7） 
δDIC（mmol/m3） 6 26 17 14 58 21 13  36  nc <1 
δDMS（μmol/m3） 0.8 1.8 2.9 1.3-0 nc nc 升高  8.5- -5.7 nc nc nc 
浮游植物优势种 混合 硅藻 硅藻 硅藻 硅藻 硅藻 混合 硅藻 硅藻 混合 混合 圆绿球藻 
输出 nc 升高 nc nc nc 升高 升高 升高 升高 nc nc  
中型浮游动物 升高 升高 nc nc nc nc nc 升高 升高 升高 nc nc 
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